Soil characteristics of the 21 SMOSMANIA stations Table S1 .1 -Soil characteristics at 0.10 m for the 21 stations of the SMOSMANIA network: difference in dry density between soil layers at 0.05 m and 0.10 m (d), gravimetric fraction of mineral fine earth (Mn) of sand, clay, and silt, gravimetric fraction of fine earth (M) of soil organic matter (SOM), gravimetric fraction of gravel (mgravel), C/N ratio, and total nitrogen (NT). The stations are listed from West to East (from top to bottom). 
The gravimetric fraction of SOM is calculated as: Figure S1 .1 presents the Mnx values at 0.10 m together with values at 0.05 m and 0.20 m, and shows that soil texture does not vary much with depth at a given station. Figure S1 .1 -Soil characteristics of the 21 SMOSMANIA stations: mineral fine earth gravimetric fractions of clay, silt and sand. For a given soil, the red mark covers the fraction values measured at 0.05, 0.10 and 0.20 m. Full station names are given in Table S1 .1. The dashed blue lines correspond to the USDA textural soil classes:
(1) sand, (2) loamy sand, (3) sandy loam, (4) sandy clay loam, (5) loam, (6) silt loam, (7) clay loam, (8) silty clay, (9) clay. Table S1 .1 shows that some soils present a very high gravimetric fraction of gravels (up to 77 % for BRN). However, we had no difficulty in measuring soil temperature and soil moisture, including at the BRN site, as shown by Fig. S1 .2. Note that the sensors we use are designed to work in such difficult conditions. The ThetaProbe and PT100 sensors have very strong rods, 0.06 m and 0.10 m long, respectively. 
Values of K, a(z), and R(z) coefficients are given in Table S1 .2. R@-5cm Table S1 .1). Background geographic information is from Google Maps.
The 
Supplement # 2
Data filtering technique to limit the impact of soil heterogeneities
The impact of vertical heterogeneities in  values has to be accounted for in the  retrieval technique. In order to address this issue, a data analysis procedure aiming at limiting this effect as much as possible was implemented. We used only the soil temperature data presenting a relatively low vertical gradient close to the soil surface, where most differences with deeper layers are found. It must be noted that if this data sorting is omitted, the retrieved sat values are lower for all the stations. The procedure is described below.
The 1D Fourier equation in heterogeneous soil conditions can be written as:
and discretized as:
In this study, we assumed that the retrieved  values, at a depth of 0.10 m, were representative of a bulk soil layer including the three soil temperature probes used to retrieve the thermal diffusivity, and did not differ much from the interfacial  values along the bottom and top edges of the considered soil layer (i+1/2 and i-1/2, respectively):
and, at a given time n,
In reality, differences may occur:
Considering the temperature gradient ratio RTG at a given time n:
and combining Eqs. (S2.4), (S2.5) and (S2.6), the retrieved  can be written as:
Since soil temperature gradients were more pronounced close to the soil surface and since, more often than not, soil density presented smaller values close to the soil surface, the , RTG, and RTG values were  0. Since in the soils considered in this study, differences in soil density were much less pronounced at depth than between the 0.05m and 0.10m soil layers, we considered that i+1/2 was closer to the final value to be retrieved, *, than the initial  retrieval:
Eq. (S2.8) shows that the target * value is larger than the initial  retrieval. The relative error on * can be written as RTG/* (dimensionless). We used RTG/* as an indicator of the quality of the  retrieval, with large values of RTG/* corresponding to erroneous estimates. In the revised data analysis procedure. The  retrieval corresponding to high RTG/* values were excluded from the analysis. The following condition was used:
Finally, a subset of 20  retrievals per station was used, at most, corresponding to the lowest RTG/* values. The NBN, PZN, BRZ, and MJN observations were completely filtered out as they presented RTG/* values systematically higher than 10%. The impact of the refined data selection is illustrated in Fig. S2 .1 for the MNT and LHS soils.
In practise, the  term was estimated using the d values of Table S1.1 and the sensitivity of  to changes in dry density, /d. The latter was derived numerically using the Eqs. (7)-(13) model, in soil wetness conditions ranging from Sd = 0.4 to Sd = 1.
Since the derivation of /d depends on the obtained fq pedotransfer function, /d values were recalculated with the new pedotransfer function, and a few iterations permitted refining these estimates.
At saturation (Sd = 1) /d ranged between 0.6410 3 Wm 2 K 1 kg 1 for PRD to 1.2410 3 Wm 2 K 1 kg 1 for SBR.
At Sd = 0.4, /d ranged between 0.4610 3 Wm 2 K 1 kg 1 for PRD to 0.8110 3 Wm 2 K 1 kg 1 for SBR.
RTG ranged between 0.5 and 2.4, with a median value of 1.3. The 20  retrievals used to fit the thermal conductivity model and retrieve sat are represented by large dots.
Supplement # 3
Impact of soil volumetric heat capacity of soil solids on the retrieved  sat Figure S3 .1 -Impact of using values of Chmin = 1.92 MJ m -3 K -1 and Chmin = 2.08 MJ m -3 K -1 instead of Chmin = 2.0 MJ m -3 K -1 on the 14 retrieved values (Table 2) 
Supplement # 4
Characteristics of 10 Chinese soils Table S4 .1 -Soil characteristics of ten Chinese soils of Lu et al. (2007) . d, sat, f, and m, stand for soil bulk density, porosity, volumetric fractions, and gravimetric fractions, respectively. These soils consist of reassembled sieved soil samples and mgravel = 0 kg kg -1 . sat experimental values are derived from Table 3 in Tarnawski et al. (2009) . Soil density is derived from porosity values inverting Eq. (1). The soils are sorted from the largest to the smallest ratio of msand to mSOM. The ratio values smaller than 40 are in bold. 
